superconcentrated 1:1.1 LiFSA/DMC electrolytes. To judge if a more protective surface film is formed in the concentrated electrolytes, we firstly polarized an Al electrode in a beaker cell containing superconcentrated 1:1.1 LiFSA/DMC electrolyte; immediately after that we transferred this polarized Al electrode into another cell containing dilute 1:10. Supplementary Figure 10 Cyclic coulombic efficiency of a high-voltage LiNi0.5Mn1.5O4│natural graphite battery using commercial and superconcentrated electrolytes. The charge-discharge cycling (3.5-4.8 V) was conducted at a C/5 rate and 40 C. 1C-rate corresponds to 147 mA g 1 on the weight basis of the LiMi0.5Mn1.5O4 electrode. The coulombic efficiency was not high under the present experimental condition. The seemingly low coulombic efficiency is sometimes understood on the basis of a shuttle mechanism, in which some oxidized/reduced species work as a redox shuttle to cause a parasitic reaction between the positive and negative electrodes. However, it should be noted that the seemingly low coulombic efficiency primarily resulted from our special cell design with a low mass loading on purpose to spotlight the Al corrosion, and is not an essential problem of the electrolytes. Because the cell components/active material ratio is quite high in this cell, even a slight amount of side reactions at cell components (other than active materials) will greatly lower the coulombic efficiency. Indeed, the coulombic efficiency is considerably improved by using a higher mass loading (~10 mg cm 2 ), as shown in Supplementary Fig. 11 . 
Supplementary Methods

X-ray photoemission spectroscopy
The polarized Al electrodes (diameter 1.6 cm) were made in the coin cells using various concentrations of LiFSA/DMC electrolytes and lithium metal as the counter electrode. After 4 cycles of charge/discharge at a constant current of 5 A between 3.5~4.9 V, the cells were disassembled in the glove box. The obtained polarized Al electrodes were then subjected to one time of rinse (3.0 ml DMC for 30 seconds, marked as "rinse 1") or two times of rinse (new 3.0 ml DMC for another 30 seconds, marked as "rinse 2") and subsequent dryness. An "XPS Transfer Vessel" was used for sample transfer from the glove box to the XPS chamber avoiding samples contact to air and moisture. The surface analysis of samples was performed on an X-ray photoemission spectrometer (PHI 5000 VersaProbe, ULVAC-PHI Inc.) with a monochromatized Al Kα radiation (25 W, 15 kV). The analysis area is 100  100 m. A charge neutralizer was applied to compensate the surface charge of sample. Ar + etching was carried out at 500 V to obtain the depth profiles.
All spectra were calibrated to the metallic Al2p peak at 72.6 eV. Pristine Al electrode and pure LiFSA powder were also studied and used as references.
